Background-Recent studies suggest that resistant starch (eVective in producing butyrate and lowering possibly toxic ammonia) is rapidly fermented in the proximal colon; the distal colon especially would, however, benefit from these properties of resistant starch. Aims-To determine whether wheat bran (a rich source of insoluble non-starch polysaccharides), known to hasten gastrointestinal transit, could carry resistant starch through to the distal colon and thus shift its site of fermentation. Methods-Twenty four pigs were fed four human type diets: a control diet, or control diet supplemented with resistant starch, wheat bran, or both. Intestinal contents and faeces were collected after two weeks. Results-Without wheat bran, resistant starch was rapidly fermented in the caecum and proximal colon. Supplementation with wheat bran inhibited the caecal fermentation of resistant starch, resulting in an almost twofold increase (from 12.9 (2.5) to 20.5 (2.1) g/day, p<0.05) in resistant starch being fermented between the proximal colon and faeces. This resulted in higher butyrate (133%, p<0.05) and lower ammonia (81%, p<0.05) concentrations in the distal colonic regions. Conclusions-Wheat bran can shift the fermentation of resistant starch further distally, thereby improving the luminal conditions in the distal colonic regions where tumours most commonly occur. Therefore, the combined consumption of resistant starch and insoluble non-starch polysaccharides may contribute to the dietary modulation of colon cancer risk. (Gut 1999;45:840-847) 
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The physiological eVects of non-starch polysaccharides (NSP), the major component of dietary fibre, in the colon are dependent on their physicochemical properties. Water soluble NSP, including guar gum and pectin, are viscous and rapidly fermentable in the proximal colon. Water insoluble NSP, such as wheat bran, are non-viscous and are only slowly fermented along the colon. McIntyre et al have shown that diVerent fibres have diVerent regional eVects on fermentation related indexes 2 and on tumour formation 3 in a rat model, with insoluble NSP showing an inhibiting eVect on tumorigenesis.
Several mechanisms by which insoluble NSP are thought to exert their protective eVect on colorectal carcinogenesis have been proposed. 1 Fermentation of NSP by the colonic microflora produces short chain fatty acids (SCFA), including butyrate, which plays an important role in maintaining the health and integrity of the colonic epithelium. 4 Colonic fermentation lowers luminal pH, which in turn has a number of favourable eVects. 5 Increased carbohydrate fermentation can divert luminal ammonia, shown to be toxic to the colonic epithelium, 6 into de novo synthesis of bacterial protein. 7 Furthermore, insoluble NSP increase the bulk of luminal contents, which will dilute possible toxins and carcinogens, increase the transit of digesta through the colon, 8 and, in turn, reduce the contact time of harmful compounds with the colonic mucosa.
In recent years, a considerable number of studies have focused on the importance of resistant starch (RS) as a substrate for colonic fermentation. RS can be subdivided in three major types: physically trapped starch (RS1, for example, in coarse grains), resistant starch granules (RS2, for example, high amylose corn, raw potato flour), and retrograded starch (RS3, for example, cooked and cooled potato). 9 In reaching the colon undigested, RS can be fermented by the colonic flora. The physiological eVects of RS in the colon may, therefore, be similar to those of NSP. In vitro, 10 animal, 11 12 and human 13 studies have shown that fermentation of RS generates relatively more butyrate than NSP. A study in our laboratory indicated that RS behaves more like soluble NSP than insoluble NSP, in that it will be rapidly fermented in the proximal colon. 14 In line with these observations, Young et al have shown that RS, like soluble NSP, enhances formation of aberrant crypts in the rat. 15 In humans, RS has been shown to increase faecal bulk and SCFA concentrations, and to lower faecal pH and concentrations of ammonia and phenols. 13 [16] [17] [18] [19] [20] The eVects of RS on faecal indexes are not consistent, however, and may be dependent on the site of RS fermentation in the large bowel.
If the protective eVects of undigested carbohydrates in the colon are indeed related to the site of their fermentation, 3 it would be desirable to shift the fermentative process of RS to the more distal regions, as the majority of colonic tumours in humans occur in the distal colon and rectum. Insoluble NSP are known to increase the transit of digesta through the colon, 8 and therefore may be able physically to push the RS further along the colon. In human diets, RS and NSP coexist, but little is known about the eVects of NSP on the fermentation of RS. Key and Mathers 21 and Young and colleagues 15 found that insoluble NSP increased faecal starch excretion in rats. In addition, the latter group showed that the enhanced tumorigenesis in the distal colon by RS was suppressed by adding wheat bran to the diet. These studies suggest that insoluble NSP indeed carry RS through to the distal colon. However, to date, no study has systematically and quantitatively looked at the site of fermentation of RS and NSP by actually monitoring the disappearance of these substrates along the colon. Therefore, the aim of the present study was to determine the exact site of fermentation of RS and insoluble NSP and the possible interaction between the two. The separate and combined eVects of RS and NSP on fermentation related indexes along the gastrointestinal tract, including bulking, luminal pH, SCFA and ammonia concentrations, were also studied.
Determining the site of colonic fermentation requires invasive procedures, which are for obvious reasons diYcult to undertake in humans. The pig has been shown to be a good model for nutrition studies, as in terms of gastrointestinal anatomy, physiology, and nutrient requirements it is more similar to the human than all other domesticated animal species. 22 23 While rats are primarily caecal fermenters, pigs and humans are essentially colon fermenters. Furthermore, the composition of the colonic flora is comparable in pigs and humans. 23 
Methods

ANIMALS
Twenty four male pigs (Large White × Landrace, Pig Research and Training Centre, Werribee, Victoria, Australia) were used; they were aged four months and weighed a mean of 61 kg (SEM 1 kg, range 56-65) at the start of the study. The pigs were divided into four groups of six animals each, matched for body weight, and housed in individual pens for the entire duration of the study (12 hour light/dark cycle, temperature 18-24°C). The animals had free access to tap water via nipple drinkers. The study protocol was approved by the Animal Experimentation Ethics Committees of both the Victorian Institute of Animal Science and Deakin University.
EXPERIMENTAL DIETS
Four semipurified experimental diets were designed, diVering only in the amount of RS and NSP. The amount of digestible starch was kept constant. The macronutrient composition of the diet was based on a Western style human diet, and comprised 18% of energy from protein, 35% from fat, and 47% from digestible carbohydrate (of which 20% was from monosaccharides). The contribution of fermentation to the energy content of the diets was not taken into account. The dietary fatty acid composition was also similar to that of the human diet. Animals were subjected to a slightly restricted energy intake of 40 MJ/day (about 80% of usual energy intake) to ensure the complete consumption of their daily ration. Table 1 gives the composition of the diets. The concentrations of RS and NSP in the control diet were chosen to be 40 g RS and 80 g NSP/40 MJ to prevent constipation. To increase the amount of RS in the diet, coarse high amylose corn kernels (40 g RS/100 g, particle size <3 mm), were substituted for low amylose corn kernels (4 g RS/100 g), providing a combination of RS1 and RS2. This increased the dietary RS concentration to 120 g/40 MJ. Wheat bran was added to increase the amount of insoluble NSP in the diets to 140 g/40 MJ. The rationale for choosing these concentrations was that similar densities are achievable in the human diet (30 g RS and 35 g NSP/10 MJ) and hence they are physiologically relevant to the human situation. Concomitant (but unwanted) changes in the amounts of digestible starch, NSP, and protein caused by the RS and NSP supplements were compensated for by adjusting the amounts of corn flour, corn bran, and whey protein. Celite was added to the diets to enable calculation of daily flow rates (see later).
All ingredients, except the corn flour, were mixed until homogeneous to form a premix and stored at 4°C. On a daily basis, the corn flour for each pig was gelatinised in 5 litres of boiling tap water and cooled overnight. This procedure reduced the amount of RS in the corn flour to less than 2%. The corn flour was mixed thoroughly with the precise amount of diet premix and fed to the animals as a single meal in the morning.
COLLECTION OF FAECES AND INTESTINAL
CONTENTS
A two week run in period was chosen to give the colonic flora suYcient time for adaptation to the diets. 24 In the mornings on day 15, 16, and 17, fresh faecal samples were collected onto dry ice immediately after defecation and stored at −40°C until processing. On days 18 and 19, three pigs from each group were slaughtered on each day. Pigs were weighed and subsequently fed their daily ration in two portions, approximately 3.5 and two hours before slaughter, to ensure the presence of digesta in the small intestine and to maintain normal postprandial gastrointestinal motility and transit. Slaughter took place at an experimental abattoir (Meat Research and Training Centre, Werribee, Victoria, Australia). Pigs were killed at 20 minute intervals in such order that the eVect of time was minimised across groups. After stunning with CO 2 , the animals were bled, dehaired, and subsequently the gastrointestinal tract was excised. Immediately after excision, the caecum was tied oV from the terminal ileum and proximal colon, and caecal contents were collected. The contents of the most distal 4 m of the small intestine, representing the terminal ileum, were then collected. Finally, the large bowel was unravelled and divided into three equal lengths, representing proximal, middle, and distal colon, and the contents of each section were collected. All intestinal contents were placed on dry ice within 15 minutes of excision of the gut, and stored at −40°C until processing.
PROCESSING OF INTESTINAL CONTENTS AND
FAECES
Intestinal contents and faeces were thawed overnight at 4°C. Faeces from each of the three days were processed and analysed separately. Samples were weighed and subsequently homogenised on ice. Aliquots for analysis of SCFA (1:3 diluted in saline) and ammonia were stored at −40°C. Aliquots were freeze dried to constant weight and the percentage of dry matter was calculated. An aliquot of approximately 5 g was brought to 37°C and pH was measured using a protein resistant electrode. An average of three readings at diVerent sites was taken. Because of the dry consistency of samples from the distal colon and faeces, these samples were homogenised in 5 ml distilled water prior to measuring pH. Control experiments with samples from middle colon and relatively wet samples from distal colon showed that the pH was not aVected by an up to threefold dilution of the digesta.
BIOCHEMICAL ANALYSES
The relevant dietary ingredients and the complete diets were analysed (after cooling) for RS using the method of Muir and O'Dea, 25 with the modifications that chewing was omitted and that the RS containing residues were freeze dried and analysed for total starch using a commercially available kit (Megazyme Australia, Warriewood, New South Wales, Australia). Diets and freeze dried digesta were analysed for total starch (as above) and for total NSP according to the colorimetric method of Englyst and Cummings. 26 The digestible starch content in the diets was calculated as the diVerence between total starch and RS. SCFA were analysed by gas chromatography as described previously. 16 Total SCFA were calculated as the sum of acetate, propionate, and butyrate. Ammonia concentrations were measured according to the colorimetric method of Lin and Visek. 27 
CALCULATION OF DAILY FLOW RATES
The flow of digesta, substrates, and metabolites in the intestinal sections was calculated by reference to the indigestible, non-absorbable marker Celite (diatomaceous earth). 28 The determination of Celite content in digesta was based on the method for acid insoluble ash of Van Keulen and Young 29 with modifications. Freeze dried samples were reduced to ash over two hours at 650°C. The ash was subsequently dissolved in 2 M HCl and incubated in a boiling water bath for 30 minutes. After centrifugation (five minutes, 2000 g), the supernatant (containing the acid soluble ash) was discarded and the pellet (containing the acid insoluble ash) washed in 2 M HCl and freeze dried to constant weight. Control experiments showed that the amount of acid insoluble ash in digesta without Celite was negligible, hence pellet weight was considered to be Celite weight. Recovery of added Celite was greater than 96%. Assuming that the Celite was consumed completely and homogeneously, the flow rates (g/day) of digesta in a given section were calculated as the daily intake of Celite divided by the ratio Celite:digesta in that section, as described by Goodlad and Mathers. 30 The flow rates of substrates and metabolites were calculated as concentration × flow rate of digesta in a given section.
STATISTICS
Data were analysed using the statistical software package SPSS for Windows 6.0 (SPSS Inc., Chicago, Illinois, USA). Results are given as the mean (SEM) for six animals per group, unless indicated otherwise. Data of faeces of the three collection days were analysed separately. Only minor diVerences were seen across days, and therefore the average of the three days is presented. DiVerences across groups were analysed by one way analysis of variance (ANOVA). If p<0.05, intergroup comparisons were made using the least significant difference test. To determine whether the combined eVects of RS and NSP were additive or synergistic, a two way ANOVA, with RS and NSP as the independent factors, was used. A significant (p<0.05) interaction term was interpreted as a positive interaction between RS and NSP. Relations between variables were determined by Pearson's correlation and by stepwise multiple regression analysis, with p<0.05 regarded as significant.
Results
FOOD INTAKE AND BODY WEIGHTS
All pigs consumed their daily ration of food usually within an hour, except for two animals in the control group, who initially ate less. In the week prior to collections, all pigs consumed all food provided. The final body weight of the pigs was significantly aVected by diet (77.6 (1.9), 80.9 (1.9), 81.5 (1.9), and 82.9 (1.3) kg for the control, RS, NSP, and RS+NSP groups, respectively), with the RS+NSP group having a significantly higher body weight than the control group. This is probably due to a slightly higher energy content of the RS+NSP diet, caused by the additional energy from fermentable substrates. Figure 1 shows the levels of starch and NSP in the five intestinal sections and in faeces. The daily amount of starch in ileal digesta represented approximately 60% of the dietary intake of RS and was unaVected by the presence of insoluble NSP in the diet. The daily ileal excretion of NSP was approximately 90% of dietary intake and was also not aVected by the presence of starch. In the control and RS groups, starch was fermented rapidly in the proximal regions of the colon, with negligible starch being excreted in faeces ( fig 1A) . Addition of NSP to the control and RS diets delayed starch fermentation in the caecum, which, in the RS+NSP group, resulted in higher amounts of starch reaching the distal regions of the large bowel and the faeces. Addition of NSP to the RS diet increased the amount of starch fermented between the proximal colon and faeces from 12.9 (2.5) to 20.5 (2.1) g/day. A positive interaction between RS and NSP with regard to starch excretion was seen in distal colon and faeces. Figure 1B shows that the NSP levels decreased only in the caecum and proximal colon. Dietary RS aVected neither the site nor the level of fermentation of NSP. In all groups, approximately 35% of NSP entering the large bowel was fermented.
BREAKDOWN OF RS AND NSP
FLOW RATES OF DIGESTA AND FAECES Table 2 shows the flow rates of digesta along the gastrointestinal tract. In all groups, the daily flow of wet digesta decreased rapidly in the caecum and proximal colon and then gradually reduced further in the distal regions of the large bowel. While RS had minimal eVect on the wet weight of intestinal contents, NSP increased the mass in most sections. The quantitative contribution of available fermentable carbohydrate in the large bowel to The mean increase in ileal dry matter in the supplemented groups corresponded to the higher ileal excretion of starch and/or NSP in the respective groups. Similar to wet digesta, a rapid decrease in dry matter was observed proximally, followed by only a slight reduction distally. Again, dry matter was not aVected by RS, but strongly increased by NSP. The moisture content of the digesta showed no significant diVerences across groups up to the proximal colon (data not shown). From the middle colon onwards, NSP increased the moisture content of the digesta, while RS had no significant eVect. The moisture content in faeces was 50 (1)%, 54 (2)%, 61 (1)%, and 64 (2)% for control, RS, NSP, and RS+NSP groups, respectively. No positive interactions between RS and NSP were observed with regard to wet weight, dry weight, or moisture content.
INTESTINAL AND FAECAL pH, SCFA, AND AMMONIA Figure 2 shows the pH of intestinal contents and faeces. From the ileum to the caecum, a substantial fall in pH was observed in all groups. RS, but not NSP, significantly lowered pH in samples from the caecum and proximal colon. In the middle colon, no diVerences across groups were observed, while in the distal colon and faeces NSP, but not RS, significantly increased pH. Figure 3 shows the concentrations and daily flow of total SCFA and butyrate in the intestinal contents and faeces. Because of an incomplete dataset for distal colon, these values were omitted from the graphs and are presented in table 3. Total SCFA concentrations ( fig 3A) were low in ileal digesta, and increased more than threefold in the caecum. Significant diVerences across groups were not seen. In the middle colon, the SCFA concentrations decreased in all groups, but the RS+NSP group maintained higher levels of SCFA. RS substantially increased the caecal 3B) . While this concentration in the RS group fell rapidly after the caecum and was not diVerent from the control group from the middle colon onwards, the RS+NSP group showed increasing levels. A positive interaction between RS and NSP was observed in the middle colon and faeces. Dietary NSP increased the daily flow of total SCFA in the caecum and faeces (fig 3C) , while the RS+NSP diet had higher amounts in all sections compared with the control group. All supplemented diets increased the daily flow of butyrate in the caecum ( fig 3D) and the RS+NSP diet maintained higher levels of butyrate in the distal regions of the colon. A positive interaction between RS and NSP was seen in middle colon and faeces on butyrate excretion. In the caecum, the relative contribution of butyrate to total SCFA was increased by dietary RS (16 (2)%) compared with the other groups (all 9 (1)%), at the expense of acetate. No diVerences across groups were seen with respect to the relative contribution of individual SCFA in all other sections (data not shown). Figure 4 shows the ammonia concentration in intestinal and faecal samples. Ammonia concentrations increased rapidly in the proximal regions of the large bowel and levelled oV in the distal colon, with a final rise in faeces. RS decreased ammonia levels in the caecum, while NSP showed no significant eVect on ammonia concentrations. The RS+NSP group had significantly lower ammonia levels from the caecum to the distal colon. In the proximal, middle, and distal colon, a positive interaction between RS and NSP was observed. Figure 5 depicts the relation between SCFA concentration and pH in intestinal and faecal samples. A strong inverse correlation (r=−0.84, n=96, p<0.001) was found between SCFA and pH up to the middle colon, whereas samples from distal colon and faeces showed no correlation. A weaker inverse correlation (r=−0.44, n=96, p<0.001) was found between ammonia and pH up to the middle colon (graph not shown), with again no relation in distal colon and faeces. When SCFA and ammonia were entered in a stepwise multiple regression analysis, SCFA concentration was the only significant predictor of luminal pH up to the middle colon (r 2 71%). No predictors were identified in distal colon and faeces.
Figure 3 EVects of diets supplemented with resistant starch (RS) and/or non-starch polysaccharide (NSP) on concentrations of (A) total short chain fatty acids (SCFA) and (B) butyrate, and on daily amounts of (C) total
Discussion
Colonic fermentation of RS is known to produce more butyrate than NSP fermentation, [10] [11] [12] [13] and also to be eVective in reducing luminal ammonia concentrations. 17 31 Both these properties of RS are considered beneficial to the colonic epithelium, 4 6 and are thought to be possible mechanisms by which dietary starch may be protective against colon cancer. 32 The present study confirms and extends previous studies 14 33 showing that RS from high amylose corn is rapidly fermented in the proximal colon, resulting in higher butyrate and lower ammonia concentrations in the proximal regions of the colon. More importantly, our study clearly shows, to our knowledge for the first time, that insoluble NSP can shift the fermentation of RS further distally, thereby maintaining higher butyrate and lower ammonia concentrations in the distal regions of the colon, where most tumours occur. As NSP alone had little eVect on these indexes, such favourable changes in distal luminal contents can be attributed to the shifted site of RS fermentation. These findings are almost certainly physiologically relevant to humans, as the mixture of RS and insoluble NSP is common in human diets, the densities used are readily achieved in the human diet, and the physiology of the pig large bowel is very similar to that of humans.
SITE SPECIFIC FERMENTATION OF RS AND NSP
While the ileal excretion of NSP almost equalled dietary intake, ileal starch represented only 60% of RS intake in each group (fig 1) . This indicates that the in vitro assay for measurement of RS, as developed for humans, 25 overestimates the amount of starch escaping digestion in the pig small intestine. This is supported by a recent observation by Heijnen and Beynen, 34 who also showed that the analysed amounts of RS2 in ileal digesta of pigs deviated more from the in vitro measurement by Englyst and colleagues 9 than RS3 levels. In the present study, coarse high amylose corn (particle size <3 mm) was used, in which at least 30% of total RS is RS1 (physically trapped starch). Our preliminary experiments indicated that the analysed amounts of RS2 (in high amylose corn; <1 mm) deviated more from the in vitro measurement than the mixture of RS1 and RS2 that was used in the present study. Combination of these findings suggests that the used in vitro RS assays 9 25 may not be appropriate for an accurate prediction of RS levels in pig studies.
Supplemental NSP inhibited caecal starch breakdown almost completely (fig 1) . By carrying RS further along the colon, addition of wheat bran to the RS diet almost doubled the amount of starch fermented distally and also resulted in substantial excretion of starch in faeces. This confirms and explains previous observations that additional NSP increased the faecal starch excretion. 15 21 A likely mechanism for this eVect is NSP induced acceleration of the transit of digesta through the caecum. 21 A recent study in humans showed that, while NSP from wheat bran was very eVective in increasing transit, this was delayed by RS2 from banana. 18 An alternative mechanism for the delayed starch fermentation may be increased substrate availability. This seems unlikely however, as the fermentation of NSP was not delayed by the increased substrate levels. Goodlad and Mathers 35 have already shown that supplemental RS in pigs does not alter the amount of fermentation of wheat NSP. A new finding in the present study is that the site of NSP fermentation is also not aVected by RS. These results diVer from studies in humans that suggest that RS may have a sparing eVect on NSP breakdown. 16 18 This diVerence may be explained by the greater large bowel capacity of pigs relative to humans. 22 Remarkably, NSP from wheat bran fermented only proximally and the extent of fermentation appeared independent of dietary intake. This suggests that the physical structure of the wheat fibre allows only limited breakdown by colonic bacteria, as suggested previously. 36 
EFFECTS OF FERMENTATION ON BULK AND OTHER FERMENTATION RELATED INDEXES
NSP is a potent bulking agent (table 2), most likely due to the large fraction of unfermented NSP and to its water holding capacity. 36 Our data suggest that the latter property of NSP becomes critically important in the distal regions of the colon, as the moisture content of digesta was significantly increased by NSP from the middle colon onwards. Several human studies, 16 18-20 but not all, 37 have shown that RS increases faecal output. In the present study, there was no eVect of RS on faecal bulking. This may be dose related since, due to the unforseen breakdown of RS in the small intestine, the amount of supplemental RS reaching the colon was relatively low (50 g/40 MJ) when compared with that used in the positive human studies, 16 18-20 but similar to that applied in the study reporting no eVect on faecal bulk. 37 The colonic pH of the RS+NSP group followed the RS group proximally and the NSP group distally (fig 2) . It is not clear why the RS+NSP group showed such a substantial drop in caecal pH when the disappearance of RS and NSP was only minimal (fig 1) . A possible explanation is that small intestinal breakdown products, such as maltose and oligosaccharides, were fermented in the caecum. The explanation for the increase in pH in distal colon and faeces induced by NSP is more problematic. The hydration and bulking properties of NSP may have diluted the acidic compounds, but our ex vivo experiments indicated that the luminal buVer capacity allows up to threefold dilutions without aVecting pH (data not shown). The observation that pH was driven by SCFA in proximal regions, but not in distal colon and faeces (fig 5) , strongly suggests that other metabolites, not measured in this study, are involved in distal colonic regions. A large number of compounds have been implicated as determinants of luminal pH, including products of incomplete fermentation. 5 Although NSP disappeared from digesta only proximally (fig 1) , elevated concentrations of SCFA were still observed distally (fig 3) . Whether proximally produced SCFA were transported to distal regions due to intestinal hurry, or whether breakdown products of the fibre were transported further distally and fermented there, cannot be concluded from this study and requires further investigation. Clearly, luminal SCFA concentrations are not simply a reflection of SCFA production, but are also aVected by absorption rate and intestinal bulk. For example, the large diVerences in caecal amounts of SCFA ( fig 3C) were masked by equally large diVerences in bulk, resulting in similar SCFA concentrations in all groups ( fig  3A) . We realise that the calculated flow rates of SCFA (concentration × digesta flow; fig 3C, D) are dependent on production and absorption rates. However, we feel that these total amounts provide an indication of the magnitude of fermentation and the absolute amounts of SCFA exposed to the mucosa. Whether the concentration of SCFA, that is, what the epithelium perceives, or the absolute amount of SCFA available, is the physiologically more relevant variable, remains to be determined. This is of particular importance to poorly fermentable substrates with strong bulking properties, such as insoluble NSP from wheat bran.
Ammonia is the major end product of bacterial fermentation of nitrogenous compounds in the large bowel. As for SCFA, the luminal ammonia concentration is the net result of production, absorption, and intestinal bulk. In addition, ammonia can be assimilated for de novo synthesis of bacterial protein. 7 The eVect of RS fermentation in lowering ammonia concentration (fig 4) may be mediated via several pathways. Ample carbohydrate available for fermentation may reduce protein fermentation, and hence ammonia production. Furthermore, increased carbohydrate fermentation may stimulate assimilation of ammonia nitrogen for bacterial growth, as was suggested by Rémésy and Demigné. 31 This seems likely considering the fact that RS, in contrast to NSP, was fully fermented in the colon and therefore would support bacterial proliferation. Irrespective of the mechanism, a low ammonia concentration in the colonic lumen is desirable, as ammonia is toxic to the epithelium in high concentrations 6 and has been implicated in colon carcinogenesis. 38 In research into distal luminal contents, faecal indexes have generally been assumed to reflect distal colonic conditions. This appeared to be true in rats. 2 In the present study, faecal mass and excretion of starch, NSP, and SCFA, did accurately reflect those in the distal colon. For SCFA and ammonia concentrations, however, faecal results did not always accurately reflect the conditions in the distal colon. Faecal values were higher with greater variation and group means were diVerent relative to each other, suggesting a large variation in the final dehydration of luminal contents immediately before defecation. Therefore, caution should be exercised in the interpretation of faecal results.
Conclusion
Wheat bran, a rich source of insoluble NSP, can shift the fermentation of RS further distally, resulting in favourable changes in the distal colonic luminal environment, the region where tumours most commonly occur. Therefore, the concomitant consumption of insoluble fibre and RS containing products will combine and strengthen the beneficial eVects on colonic physiology of both substratesincreasing transit, increasing butyrate, and lowering ammonia-and may contribute to a dietary modulation of colon cancer risk.
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